A total of 210 day-old male Cobb broiler chickens were randomly assigned to six treatments in a 3 × 2 factorial design. The treatments consisted of three levels of maize: 250 g/kg (LM), 500 g/kg (MM) and 750 g/kg diet (HM) and two levels of enzymes: plus enzyme and no enzyme. Each treatment was replicated five times, with seven birds per replicate. Chickens were reared in multi-tiered brooder cages to 21 days of age in a climate-controlled room. Feed and water were provided ad libitum. Over the feeding period (21 d), there was an increase in feed intake as maize inclusion level (MIL) increased in diets, while supplementation with microbial enzyme improved feed intake only in the MM diet. There was an improvement in live weight (LW) in chickens with increased MIL in their diets. The microbial enzyme supplement also improved LW, but only on the MM diet. The feed conversion ratio (FCR) was improved with increase in MIL in diets, but the enzyme supplements had no effect on FCR up to day 21. At day 21 there was an increase in relative weight of the small intestine with an increase in MIL, but this was not affected by enzyme supplementation. The weight of the liver increased with increase in MIL and enzyme supplementation. At day 21 the pH of the digesta in the gizzard declined with an increase in MIL in diets. In general, there was no significant effect of MIL or enzyme supplementation on pancreatic tissue protein content, chymotrypsin amidase activity and ileal digestibility of protein, gross energy and starch at 21 days of age. The population of Clostridium perfringens decreased significantly with increase in MIL, but other microbial species were unaffected. The present findings suggest that maize could be included at much higher levels than is currently done without detrimental effects on productivity. Exogenous enzymes also resulted in a significant increase in some of these variables.
Introduction
Maize is probably the most important cereal grain used for poultry feeding around the world. It is higher in metabolizable energy than all other cereal grains and generally there is no restriction to the level of maize that can be included in the diet, provided all nutrient requirements are met. In view of its quality, it was previously thought that diets based on maize did not require microbial enzyme supplements, but more recently, responses to the inclusion of specific enzymes, particularly proteases and phytase, have been shown in maize-based diets (Saleh et al., 2006) .
Microbial enzymes are now routinely included in broiler chicken diets to improve the digestion of carbohydrate, protein and mineral fractions (Bedford et al., 1991; Choct, 2006) . Enzyme supplementation is more strongly required in diets containing temperate cereals such as wheat and barley owing to the high levels of viscous soluble non-starch polysaccharides (Bedford & Morgan, 1996; Cowieson, 2005) . The quality of wheat is also variable, the grain being lower in metabolizable energy content at harvest than after some period of storage . The inclusion of microbial enzymes in diets containing such grains has been observed to improve the nutritive value of the diets (Annison, 1992; Yang et al., 2008) .
Contrary to previous reports, maize grain has been found to vary greatly between regions of production (Cowieson & Ravindran, 2008) . These differences could probably be eliminated or reduced through microbial enzyme supplementation.
There is no consistency in the level of maize that is included in feed formulations used by the same producers or among producers. Leeson (2012) recommended modifications to the diet, to account for the drastic reduction in market age of broiler chickens (Leeson, 2012) . Apart from improving nutrition in the early phase of production, there is a need to reduce feed costs in the later part of the cycle, during which feed consumption is high. Increasing grain inclusion rate in the final phases of production may achieve such effects if the diets are fortified with minerals to support adequate bone development. Such diets may also require microbial supplementation to improve carbohydrate digestion and availability of phosphorus from the increased concentration of phytase. The objectives of the current study were to assess the response of broiler chickens to rising levels of maize and effectiveness of microbial enzymes in such diets.
Materials and Methods
The experiment was a 3 × 2 factorial design with six dietary treatment combinations. There were three inclusion levels of maize (MIL), 250 (LM), 500 (MM) and 750 g/kg diet (HM) and two levels of enzymes (enzyme and no enzyme). A total of 210 day-old male Cobb broiler chickens (Baiada Poultry Pty. Ltd., Kootingal, Tamworth, NSW, Australia), weighing 47.15 ± 0.22 g were randomly assigned to six treatments, each with five replicates, seven chickens in each replicate. Chickens were reared in multi-tiered brooder cages (600 × 420 × 23 cm) in a climate control room up to day 21, when the feeding trial ended. Feed and water were provided ad libitum. The room temperature was initially set at 33 ºC and gradually reduced to 25 ± 1 ºC at 21 days. Sixteen hours of lighting per day were provided throughout the trial.
Emerald, one of the maize sources investigated in series 1 and 2, and obtained from a commercial source (2007/2008 harvest season), was used in this experiment. The diets (Table 1) were semi-purified, maize based, with or without enzyme supplementation of Avizyme 1502 (0.5 g/kg) and Phyzyme XP (0.1 g/kg). Avizyme 1502 is an enzyme product containing purified xylanase, amylase and protease targeted at markets in which maize and sorghum are the primary energy sources used in poultry diets. Phyzyme XP is a phytase feed enzyme that improves the digestibility of phosphorus and other nutrients in cereal grains. Other dietary ingredients were Soycomil R 65% (as protein source), vitamin mineral premix and vegetable oil. All of the experimental diets were isonitrogenous and isoenergetic. Titanium dioxide (TiO 2 ) was incorporated at a rate of 5 g/kg diet as an indigestible marker, to enable assessment of nutrient digestibility.
The maize grain was ground using a hammer mill with a 4 mm sieve prior to mixing and the diets were given to the birds in mash form.
On days 7 and 21, two birds and four birds, respectively from each cage, were randomly selected, weighed and killed by cervical dislocation. Subsequently, the abdominal cavity was opened and the small intestine was ligated and removed. The contents of the gizzard, jejunum, ileum and caeca were collected in plastic bottles to measure pH or nutrient digestibility. In addition, around 1 g each of ileal and caecal contents were collected into pre-prepared McCartney bottles containing anaerobic broth in order to enumerate microbial populations and stored in a freezer at -20 ºC until microbial profile analyses. To determine nutrient digestibility, the digesta from the ileum were collected, pooled on a cage basis, homogenized and stored at -20 ºC. Later, the samples were freeze-dried and then ground in a small coffee grinding machine and stored at -4 ºC in airtight containers for chemical analysis of TiO 2 , gross energy, starch and protein.
The experiment was approved by the Animal Ethics Committee of the University of New England (Approval No.: AEC 08/002). Health and animal husbandry practices complied with the Code of Practice for the Use of Animals for Scientific Purposes issued by the Australian Bureau of Animal Health (National Animal Health and Medical research Council (1990) ).
Feed intake (FI) and live weight (LW) on a cage basis were recorded at weekly intervals to determine average FI and LW. Mortality was recorded as it occurred and feed conversion ratio (FCR; feed intake/weight gain) was corrected for mortality.
To assess the digestive enzyme activities and protein concentration, the jejunal tissue was processed as described by Shirazi-Beechey et al. (1991) . Afterwards, sub-samples of the homogenate were taken into Eppendrof tubes (Eppendrof South Pacific, North Ryde, Australia) and stored in a freezer (-20 ºC) for enzyme analysis. The pancreas was processed in a similar manner to the jejunum, except that Milli-Q water (Millipore Australia, North Ryde, Australia) was used instead of mannitol-HEPES buffer and the entire tissue was homogenized. The homogenate tissue was then centrifuged at high speed (30 000 x g) for 20 minutes to obtain a supernatant on which the analysis was done (Nitsan et al., 1974) .
The specific activities of jejunal and pancreatic enzymes were assessed by incubation with fixed substrate concentrations as standardized for poultry by Iji et al. (2001) . On the jejunal homogenates, the assays were conducted for mucosal protein content and activities of alkaline phosphatase (EC 3.1.3.1), maltase (EC 3.2.1.20) and sucrase (EC 3.2.1.10). For the pancreas, an assay was conducted for chymotrypsin amidase (EC 3.4.21.1). The specific activities of enzymes were measured according to the methods previously described for other species (Serviere-Zaragoza et al., 1997) after standardization for poultry. The concentration of protein in both the jejunal mucosa and pancreatic tissue was measured using the Coomassie dye-binding procedure described by Bradford (1976) . All of the raw data for protein concentration were processed through the Lowry Software (Mcpherson, 1985) before statistical analysis. The TiO 2 content of the digesta and diet samples was measured according to the method of Short et al. (1996) . The concentration of protein, gross energy and starch in feed and freeze-dried ileal digesta were analyzed along with the indigestible titanium dioxide marker, and was used to calculate the digestibility coefficient. Diets and ileal digesta were analysed for protein, gross energy and starch according to AOAC (2002) . The digestibility coefficient for nutrients was calculated using the following equation:
Gut microbial populations were enumerated in digesta contents of the ileum and caeca at 21 days of age, according to the procedure described by Engberg et al. (2004) and Miller & Wolin (1974) and highlighted below. Fresh intestinal contents, weighing around 1 g, from the ileum and caeca were transferred into 15 mL MacCartney bottles containing 10 mL of anaerobic broth and used to assess microbial profiles.
Lactic acid bacteria were enumerated on MRS agar (Oxoid, CM0361) incubated under anaerobic conditions at 39 ºC for 48 h. Coliform (red colonies) and lactose-negative Enterobacteria (colourless colonies) were counted on MacConkey agar (Oxoid, CM 0007) incubated aerobically at 39 ºC for 24 h as red and colourless colonies, respectively. Lactobacilli were enumerated on Rogossa agar (Oxoid, CM 0627) after anaerobic incubation at 39 ºC for 48 h. Total anaerobic bacteria were counted using anaerobic roll tubes containing 3 mL of Wilkins-Chalgren anaerobic agar (Oxoid, CM 0619) incubated at 39 ºC for 7 days. Numbers of Clostridium perfringens were counted on tryptose-sulphite-cycloserine and Shahidi-Ferguson Perfringens agar base (TSC and SFP) (Oxoid, CM 0587 OPSP) mixed with egg yolk emulsion (Oxoid, SR0047) and Perfringens (TSC) selective supplement (Oxoid, SR0088E) according to the pour-plate technique, where plates were overlaid with the same agar after spreading the inoculum and incubated anaerobically at 39 ºC for 24 h. An anaerobic AnaeroGen™ sachet (AN0025A, Oxoid Ltd, Hampshire, UK) was used to generate the anaerobic environment (<1% O 2 and 9% to 13% CO 2 ) for all anaerobically incubated agar plates.
The enumeration of microbial profiles was conducted only on chickens raised on diets containing fine hammer-milled and coarse roller-milled grains. This was done mainly to reduce the number of replicates that were analysed but the groups were chosen to reflect differences in particle size and milling techniques. Roller milling at a coarse setting resulted in almost an equal balance in particle size, while hammer milling at a fine setting yielded predominantly fine particles. After incubation, colonies formed on the respective media were carefully counted, converted into logarithmic equivalents (log 10 ) and expressed as number of colony forming units (CFU) per gram of wet intestinal content.
Data were analysed using the multiple regression options of SPSS, version 17.0.0 (SPSS Inc 2009) for the main effects of increasing MIL and enzyme supplementation (Morris, 1998) . Data were also subjected to GLM analysis and reported where there was an interaction between MIL and microbial enzyme supplementation. Separation of means within a significant effect was done by Duncan's multiple range test (DMRT) through the post hoc procedure of SPSS. Significance levels were set at P ≤0.05 unless otherwise specified.
Results
Bird performance was generally poor in the current study, with live weight considerably below the breeder specification. This could have been caused by a reduction in feed consumption, probably owing to the nature of the diets, especially with high levels of starch and a purified protein concentrate. Up to 7 days of age there was a decline (P <0.001, R 2 = 0.56) in feed intake as maize inclusion level (MIL) rose in the diets (Table 2) . However, FI increased (P <0.007, R 2 = 0.56) with the inclusion of enzymes only on the LM diet. There was an increase in live weight with an increase in MIL (P <0.001, R 2 = 0.41) in diets and with the addition of microbial enzyme supplement (P <0.047, R 2 = 0.41). Overall, there was no significant response in LW to changes in MIL with or without microbial enzyme supplement in early life. Up to this age, the FCR of the chicks was improved (P <0.001, R 2 = 0.61) as MIL increased in the diets, while enzyme supplementation had no effect.
There was an increase (P <0.001, R 2 = 0.57) in feed intake to 21 d as MIL increased in diets, while supplementation with microbial enzyme (P <0.007, R 2 = 0.57) improved feed intake, but only on the MM diet (Table 3) . The interaction between MIL and enzyme on FI was significant (P <0.050).
There was an improvement (P <0.001, R 2 = 0.71) in LW in chickens with increase in MIL in diets. The microbial enzyme supplement also improved (P <0.004, R 2 = 0.71) LW, but only on the MM diet. The interaction between MIL and enzyme on LW was significant (P <0.020). The FCR was improved (P <0.001, R 2 = 0.42) in chickens with increase in MIL in diets, but the enzyme supplements had no effect on FCR up to day 21.
At day 21 there was an increase (P <0.01, R 2 = 0.26) in relative weight of the small intestine with an increase in MIL, but this was not affected by the enzyme supplement (Table 4 ). There was no significant change in the relative weight of the pancreas because of an increase in MIL in diets with or without enzyme supplements at this age. There was an increase (P <0.03, R 2 = 0.31) in relative weight of the liver with increase in MIL in diets, while enzyme supplementation enhanced (P <0.02, R 2 = 0.31) liver weight only on the MM diet. The relative weight of the proventriculus plus gizzard increased (P <0.01, R 2 = 0.27) with a rise in MIL in diets, but there was no effect of enzyme supplementation on the weight of these organs. There was no significant change in the relative weight of spleen with increase in MIL in diets, with or without enzyme supplement. However, there was an increase (P <0.05, R 2 = 0.15) in the relative weight of bursa of Fabricius with the addition of microbial enzymes in diets, but no significant effect of MIL in diets. At 21 days of age the pH of the digesta in the gizzard declined (P <0.01, R 2 = 0.22) with an increase in MIL in diets (Table 5) . However, the pH of the gizzard content was not changed by enzyme supplementation. The pH value of the jejunal content marginally declined (P <0.07, R 2 = 0.18) with an increase in MIL in diets. There was no significant change in the pH value of digesta in ileum with an increase in MIL, with or without the enzyme supplements. There was an increase in the pH of the digesta in the caeca with increase in MIL (P <0.02, R 2 = 0.34) in the diets. The microbial enzyme supplement also enhanced (P <0.01, R 2 = 0.34) the pH value of caecal content but only on the HM diet. At 21 days of age there was no significant change in pancreatic tissue protein content and chymotrypsin amidase activity with increase in MIL in diets, with or without enzyme supplement (Table 6 ).
However, the protein content, as well as the activity of chymotrypsin amidase, tended to decrease with an increase in MIL, while the activity of chymotrypsin amidase was slightly increased in birds on the enzymesupplemented diets. There was no significant change in tissue protein content and alkaline phosphatase activity in the jejunum, but these tended to decline as MIL increased in diets. The activity of alkaline phosphatase marginally increased in birds fed on diets with enzyme supplementation, but not significantly.
In general, there was no significant effect of MIL or enzyme supplementation on ileal digestibility of protein, gross energy and starch at 21 days of age (Table 7) . However, digestibility slightly increased as MIL rose in diet and with exogenous enzyme inclusion.
There was no significant change in the population of various types of bacteria in ileal contents with increase in MIL in diets with or without enzyme supplement at 21 days of age (Table 8) . Nevertheless, the number of C. perfringens decreased (P <0.05, R 2 = 0.32) with increase in MIL in diets. However, the population of this species was marginally increased (P <0.07, R 2 = 0.32) with the addition of microbial enzyme. In addition, the numbers of lactic acid bacteria marginally decreased with increase in MIL, while all bacterial populations increased with the inclusion of exogenous enzyme. However, these differences were not statistically significant. There was no significant change in the population of the various bacteria in caecal content as a result of an increase in MIL in diets with or without the enzyme supplement (Table 8) . However, these bacterial populations slightly decreased on the enzyme-supplemented diets. 
Discussion
The results of this experiment demonstrate no detrimental effects of very high levels of maize on feed intake or growth. Addition of enzyme improved overall productivity on some of the diets. The response to the enzymes is in agreement with the results of Cafe et al. (2002) , who found a significant improvement in body weight of male broilers at different ages with a nutritionally adequate broiler diet based on maize and soybean meal with supplementation of Avizyme. Shakouri et al. (2008) reported a similar positive effect of supplemental enzyme on the performance of broiler chickens fed on a wheat-based diet. However, results from the current study contrast with the findings of Fathabadi et al. (2006) , who did not observe any significant effect of Avizyme 1502 on FI, LW and LWG, but improved FCR was recorded in Hubbard Classic chickens. Maize may respond to carbohydrase enzyme supplementation owing to the presence of non-starch polysaccharides, a large part of which is arabinose and xylose (Chesson, 2001) .
Organ weight data revealed that inclusion of maize at high level increased the size/volume of the small intestine and liver, leading to improved digestive activity. Enzyme addition also increased the size of liver. The relative weights of the major digestive and immune organs were affected by MIL and enzyme supplementation. The significant enlargement of the small intestine and proventriculus/gizzard of birds on the higher MIL may be partly attributed to the influence of grain texture, resulting in stimulation of the digestive organs. This finding is in agreement with that of Zarghi & Golian (2009) , who reported an increase in the weight of the gizzard and small intestine with an increase in triticale in the diet when measured at 18 and 42 days of age. In this study the MIL or enzyme supplementation had no effect on pancreatic and jejunal tissue protein content or mucosal digestive enzyme activities of the birds. Intestinal enzyme activities are stimulated by chyme passing through the digestive tract (Duke, 1986) . In a previous study on broiler chickens, Jiang et al. (2008) found an increased activity of trypsin within the intestinal lumen, while lipase, pancreatic protease and trypsin activities were not affected by exogenous amylase. The slight reduction in jejunal protein content owing to supplementation with microbial enzymes is in agreement with the findings of other researchers (Iji et al., 2004) and may have a positive effect on the use of nutrients.
It is generally known that the addition of exogenous enzymes to wheat-and maize-based diets increases digestibility of nutrients in broiler chickens (Scott et al., 2003) . However, in the current study there were no significant changes in ileal nutritient digestibility owing to MIL or enzyme supplementation or their interactions in broiler chicken at 21 days of age. Nevertheless, the digestibility of CP and gross energy were slightly increased on the HM diet, but not the lower MIL diets. Cowieson et al. (2006) suggested that the digestibility of nutrients by broilers fed on maize-soybean meal-based diets can be improved by the use of a combination of xylanase, amylase, protease and phytase. The nature of the diet (among others, particle size, pellet or mash) may influence nutrient digestibility and regulate response to exogenous enzymes.
The slight increase in the populations of total anaerobic bacteria and lactobacilli in the ileum of birds fed on a high MIL diet with supplemental enzyme may suggest a positive effect of substrate availability for microbial growth, especially at a higher maize level. There was a slight increase in the number of C. perfringens in the ileum and caeca. Clostridium perfringens is considered the causative agent of necrotic entiritis and is a very active species in the hydrolysis of bile salts (Knarreborg et al., 2002) , which may depress broiler performance (Engberg et al., 2000) . However, in this study, there was no incidence of necrotic entiritis.
Conclusions
In summary, the relatively higher level of maize (MM or HM) in diets caused a large and significant increase in FI (at a later age), LW and better FCR, although not to breed standards. The microbial enzyme supplementation resulted in a significant increase in these variables, but no change in FCR. Higher MIL had a positive effect on the relative weights of the small intestine, liver, proventriculus/gizzard and on intestinal pH, but had no effect on other visceral organs. Enzyme addition enhanced only the relative weight of the liver.
The results suggest that maize grain responds positively to appropriate exogenous enzymes. It may, however, be necessary to test these enzyme products on more practical diets.
